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[y ABSTRACT

" In a system for recording and reproducing digital sig-

nals on a magnetic tape using a rotary head, in which
the signals are recorded as a series of slanted tracks

without guard bands between adjacent slanted tracks, a

pilot signal that was recorded during the recording
process is used to control the tracking of the playback
head. The pilot signal is recorded at a specific position

‘in a specific pilot signal record region, independent

from the region of the track at which the informational

“signal is recorded and the pilot signal is arranged at a

predetermined position or positions being a specified
distance from an end of each track in its longitudinal
direction and only alternate tracks receive such pilot

‘signal. When the recorded tracks are reproduced by a
rotary playback head having a tracing width that 1s
~greater than the width of the track, the pilot signals

from the .adjacent tracks will be detected and can be

~ compared in level, with the comparison output being
~ used to control the trackmg of the rotary playback
. head | |

~ 20 Claims, 52 Drawing Figures
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1

~ METHOD AND APPARATUS FOR RECORDING A
- ~ DIGITAL INFORMATION SIGNAL .

BACKGROUND OF THE INVENTION

1. Field of the Invontron
The present invention relates generally to a method

2

are in a region outside the frequency 5poctrum of the

- video signals being recorded, so that upon playback
they can be easily separated one from another.

5

and apparatus for recording a digital information signal

~ and, more specifically, relates to reoordmg a digital

“information signal and a pilot signal using a rotary head
- and employing the pilot signal to control the trackmg of
- the head during playback. |
2 Descrlptlon of the Art:

10

It is well known to pulse-code-modulate (PCM) a

video signal and/or an audio signal for recording on a
magnetic tape as a series of parallel, slanted tracks using
a rotary head assembly of the helical scan kind. Subse-

quently, during reproduction of the recorded signals, .

_the PCM signals are then appropriately demodulated 2'0

back to the original analog form. The principal reason
-~ for such pulse-code-modulatlon of the video signal and
- the audio signal is that in that form the signals can be

recorded and reproduced with much higher quahty |

- than the original analog signals.
~ In a video tape recorder the conventional tracking

15

Nevertheless, a principal feature of this tracking con-
trol method becomes its major drawback because sig-
nals having relatively low frequencies, such as these

Jlow-frequency pilot signals, are difficuit to erase. Ac-

cordingly, when the pilot signal is erased in making a
new recording following this superimposed approach, a
portion of the previously recorded pilot signal remains
unerased. Furthermore, depending upon the modula-
tion system employed, when the information signal to
be recorded has a frequency spectrum in the low-fre-
quency band region, such as the PCM signal would

~ have, it becomes extremely difficult to separate the pilot

trace the appropriate track upon playback and employs

This control signal is recorded and reproduced using a
fixed stationary head, not the rotary head. Using the
" reproduced control signal from the longltudlnal track,
the rotational phase of the rotary head is maintained in
a constant phase relationship. The fixed magnetic head

-that is required for this kind of tracking control, how-
~ ever, tends to prevent the recording and reproducing

- apparatus from being of compact size, because the fixed
~_head requires its own mounting space and associated -

- a control signal recorded along the length of the tape.

30

35

“signals from the signals of interest. Moreover, since this

tracking control method employs four kinds of pilot

- signals, that is, signals having four different frequencies,

the attendant circuitry becomes complex and expensive.
Another approach to providing tracking control in a
rotary head video tape recorder is taught in U.S. Pat.

'No. 4,141,048, assigned to the assignee hereof, in which

 the pilot signal is recorded in the horizontal blanking
| 25 '
control system enables the rotary head to correctly

period of the video signal. Nevertheless, since the pilot
signal is in the same frequency band region as the video
signal, it is once again difficult to reproduce the pilot

signal accurately when roproduomg the recorded video

51gnal

OBJ ECTS AND SUMMARY OF THE
INVENTION
Accordingly, it is an object of the present invention
to provide a method and apparatus for recording a

- digital information signal employing a tracking control

mounting hardware, all of which must be located inside -

the compact apparatus and arrangod ad_]acent the tape

guide drum. | |
~ Therefore, various approaches have been proposed to
provide tracking control without requiring a separate

~fixed head. In one such previously proposed approach,

- an analog video signal is recorded and/or reproduced in

a so-called superimposed condition, with no guard

- system that overcomes the drawbacks inherent in the

prior art. _
It 1s another ob_]eot of the present invention to pro-
vide a method and apparatus for recording a digital

“information signal in which tracking control of the head
- is accomplished using a pilot signal recorded along with

- the information signal in a series of slanted, parallel

45

bands being formed between the adjacent tracks. In the
-superimposed condition, each rotary head has a differ-

~ent azimuth angle and each head is slightly wider than
- the resultant recorded track. This is accomplished dur-
‘ing recording by having the edge portion of each suc-

‘tracks on the magnetic tape.

It is a further object of the present invention to pro-
vide a method and apparatus for recording a digital

information signal using a rotary head in which tracking

. control of the head is accomplished using a pilot signal

50

cessive track laid down by the respective head overlap

the adjacent edge portion of the next preceding track.

- Each track then both overlaps the edge of the preceding
- track and has its opposite edge overlapped as well by
- the next successive track, thereby leading to the de-

“scription, “superimposed.” the edge portions of the two
~adjacent tracks that will be traced by the wide head

~during playback will not present a reproduction prob-
- lem because these adjacent tracks were recorded by a
~ head having a different azimuth gap angle than the

“track being reproduced and those signals will not be

reproduced with a level that could degrade the desired

signal. In this superimposed tracking control approach
four different kinds (frequencies) of tracking pilot sig-
nals are recorded by the rotary heads on the tracks in

- which the video signal is recorded in the superimposed
~ state. The pilot signals are selected to have a low fre-
~ quency relative to the video signal being recorded, and

35

recorded at predetermined locations on the tracks con-
taining the information signal.

According to one aspect of the present invention, an
information signal is digitized and the digitized informa-
tion recorded on the record medium using a rotary o
head, the digitized information is recored as a series of

~ parallel, slanted tracks on a magnetic record medium
without guard bands, and a tracking pilot signal 1s re- =

corded at a location on every other track that is differ-

~ ent than the location the digitized information signal is

recorded, wherein such pilot signals are recorded at

predetermined positions that are equal in distance from
‘an end of the slanted tracks in the. longltudmal direction

. of the track.

65

~ Other objects, foaturos, and advantages of the present

invention will become apparent from the following
detailed desorlptlon taken in conjunction with the ac-
‘companying drawings, throughout which like refer-
ences designate the same elements and parts. -
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a representation of a recorded track pattern
formed by a rotary head using a conventional tracking
control system;

FIG. 2 is a schematic block diagram of a conventional
tracking control system for a rotary head recording and
reproducing apparatus;

FIG. 3 is a representation of a rotary head assembly
for use with the present invention;

FIG. 4 is a representation of a recorded track pattern
formed usmg the present invention;

FIG. 5 is a schematic block diagram of a system for
recording information signals and tracking control pilot
signals according to the present invention;

FIGS. 6A-6E are waveform diagrams useful in ex-
plaining the operation of the circuit of FIG. §;

FIG. 7 is a representation of recorded track pattern
formed according to the present invention and showing
the recorded positions of the tracking control pilot
signals therein;

FIG. 8 is a schematic block diagram of a reproducing
system according to the present invention;

FIGS. 9A-9E are waveform diagrams useful in ex-
plaining the operation of the circuit of FIG. 8;

FIGS. 10A-10E are waveform diagrams useful in
explaining the operation of the present invention in the

reproducing mode;
- FIG. 11 1s a schematic block diagram of an embodi-
ment of a reproducing system according to the present
invention;

FIGS. 12A-12F are waveform diagrams useful in
explaining the operation of the system of FIG. 11;

FIG. 13 is a representation of a recorded track pat-

10

15

20

25

30

tern formed in accordance with the embodiment of 35

FIG. 11;
- FIG. 14 is a schematic block diagram of an embodi-
ment of a reproducing system according to the present
invention;

FIGS. 15A-15D are waveform dragrams useful in
explaining the operation of the system of FIG. 14;
7 FIGS. 16A-16D are waveform diagrams useful in
explaining the operation of the system of FIG. 11;

FIG. 17 1s a schematic block diagram of an embodi-

ment of a recording system according to the present
invention;

FIGS. 18A-—18E are waveform diagrams useful in
explaining the operation of the system of FIG. 17;

FIG. 19 is a representation of a recorded track pat-
tern made in accordance with the embodiment of FIG.
17;

FIG. 20 1s a schematic block diagram of another
embodiment of a reproducing system according to the
present invention; and

FIGS. 21A-21E are waveform diagrams useful in
explaining the operation of the system of FIG. 20.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

FIGS. 1 and 2 relate to a conventional tracking con-
trol system of the kind for use in the so-called superim-
posmg system involving pilot signals of dlﬁ'erent fre-
quencies, as discussed hereinabove. In this known sys-
tem, typically two rotary heads are separated by an
angular distance of 180° and have different azimuth gap
~angles, and the four pilot signals employed have mutu-
ally different frequencies, for example, f4=100 kHz,
fp=115 kHz, fc=160 kHz, and fp=145 kHz. In FIG. 1,

45

30

93
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4

one rotary head HA (not shown) lays down every other
track, T1and T3, sequentially on the record medium, in
which a frequency modulated video signal 1s recorded
as the information signal. A pilot signal having the fre-
quency f4is recorded on track T; along with the infor-
mation signal in the superimposed fashion, and a pilot
signal of frequency fc is recorded on track T3 along
with the information signal in the superimposed fashion.
The other rotary head HB sequentially forms every
other track, T; and T4, which also contain the fre-
quency modulated video signal in the superimposed
fashion. A pilot signal of frequency fp 1s recorded In
track T, and in track T4 a pilot signal of a frequency {p
is recorded along with the respective information sig-
nals recorded according to the so-called superimposi-
tion manner.

Upon playback, tracking control is carried Gut by
means of the system shown in FIG. 2, however, to
simplify the explanation only the tracking control ap-
propriate for head HB is shown. The tracking control
for head HA would be substantially identical to that
shown 1n FIG. 2.

Correct tracking or “just” tracking is taken as the
situation when head HB correctly traces tracks T3 and
T4, and in FIG. 2 the output signal produced by head
HB 1s fed through playback amplifier 1 to low-pass filter
2, which exiracts only the pilot signal of the low-fre-
quency band. This low-frequency band component
extracted from the signal detected by head HB is fed to
multiplying circuit 3, wherein it is multiplied with a
signal having a frequency fp produced by oscillator 4.

Referring to FIG. 1, when head HB1 traces track Ty,
multiplying circuit 3 produces a signal E; of frequency
fp—f4=15 kHz, and produces a signal E; of frequency
fc—fp=45 kHz. Of course, head HBj also detects signal
fp, however, when the two 1inputs to multiplier 3 are the
same no output signal (fp—fp) will be produced. Simi-
larly, when head HB5 traces track T4 in FIG. 1, multi-
plying circuit 3 produces output signal E; of frequency
fp—f4 and output signal E» of frequency fc—{p, addi-
tionally, because fpis not equal to fp, as in tracks T; and
T3, a third signal Syis produced having a frequency
fp—£fp=30 kHz.

Signals E1 and E; are derived from the reproduction
of the pilot signals from the adjacent tracks, that 1s, the
tracks not intended to be directly traced by head HB. In
other words, head HB detects two other pilot signals in
addition to the pilot signal associated with the specific
track that it is principally tracking. Thus, as 1s clear
from FIG. 1, if the output levels of both signals E; and
E;, from signal multiplier 3 are equal, then this indicates
that head HB 1s correctly tracing tracks T3 and Ta.
Thus, tracking control is carried out to maintain the
level of the reproduced signals E; and E; equal.

The output from multiplying circuit 3 1s connected
directly to first bandpass filter 5 that has a frequency cut
off of 15 kHz, so that the output from bandpass filter S
is signal E; having a frequency of 15 kHz. The output
from multiplying circuit 3 is also directly connected to
second bandpass filter 6 having a cut off frequency of 45
kHz, so that the output from bandpass filter & is signal
E> having a frequency of 45 kHz. Signals E; and Ej are
fed to respective input terminals of differential amplifier
7, which produces an output that corresponds to the
difference in levels between signals E; and Ej. The
output signal from differential amplifier 7 is then used to
control the transport speed of the tape in order to re-
duce this output signal to zero. In this system, however,



o * 10, which will produce a control signal fed to switch 8

. -
the frequency relatlonshlp between the pilot signals
~ from the right and left adjacent tracks periodically re-

- verses with respect to tracks T2 and T4. Accordingly,
~ depending upon whether head HB is tracing track T2 or
T4, the direction of the control signal must be reversed.

~ That is, when head HB (HB;) traces track T3, the out-
~put of the pilot signal of frequency fp recorded directly
on track T, cannot be obtained from the multiplying
circuit 3, as explained hereinabove. Nevertheless, when

'head HB (HB) traces track T4, signal S;having a fre-

B quency of fp—f{p=30 kHz is obtained from multiplying
- circuit 3. Thus, when signal S;is detected, the direction

or polarity of the control SIgnal as might be produced
~ from differential amplifier 7, is reversed. Conventional
differential amplifiers, such as differential amplifier 7 in
" FIG. 2, easﬂy produce output signals of opposite polar-

4 651 239
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rotary magnetlc head assembly there are two rotary

heads 11A and 11B arranged with equal angular separa-

- tion, that is, an angular distance of 180°. Magnetic tape '

12 is wrapped around a peripheral surface of tape guide
drum 13 over an angular range less than 180°, specifi-

~cally over 90°, as shown in FIG. 3. Rotary heads 11A
and llB are rotated at the rate of 30 revolutions per
~second in a direction indicated by arrow 15H and mag-

- netic tape 12 1s transported at a predetermined speed n

10 a

direction indicated by arrow 15T, so that a series of

- slanted, parallel tracks 14A and 14B, as shown in FIG.
4, will be formed on magnetic tape 12 by rotary heads
- 11A and 11B in the so-called superimposed condition.

15

ity, and in this embodiment such output signals are -

represented by signals Sgand Sg fed to respective fixed

~ input terminals of swnchlng circuit 8. The output from
20

- multiplying circuit 3 is also fed directly to third band-
pass filter 9 having a cutoff frequency of 30 kHz and,

That is, the tracking width W of the head gap is selected
to be larger than the final track width. Once again, the
 angles of the gaps of heads 11A and 11B are selected to

be different in order to take advantage of the so-called
“azimuth loss phenomenon. |

Upon inspection of the rotary head assembly of FIG.
3, it will be seen that there is a period of time, in this

~ example a time corresponding to an angular range 90°,

the output from bandpass filter 9 is fed to on-track de-
- tecting circuit 10. Thus, when signal Sy is present, band-
~ pass filter 9 will pass only signal S;to on-track detector

~ to switch over the output connection resulting in an

output of polarity opposite that of the preceding signal,
~ and this signal can be fed to the capstan motor tocon-
. trol the transport rate of the tape. -

‘Similarly, in regard to the other rotary head HA not

. multiplying circuit 3 and, thus, in the case of track T,

© ' signals having frequencies fp—f4=15kHz and fp—fq4=

. 45kHz would be generated from multiplying circuit 3 as

~ the pilot signals output from the tracks adjacent the

 principal track. Accordingly, the capstan motor and

2. tape transport speed would be controlled to reduce the

- level difference between the pilot signals to zero. In this

g B example, when a signal with frequency fc—f4=60kHz 40
e s detected, it may be noted that this signal corresponds |

o to signal Srabove, the direction or polarity of the con-

23

30
- shown, in FIG. 1, oscillator circuit 4 or a corresponding -
~ oscillator would provide a mgnal of frequency f4 to

during which neither of the rotary heads 11A and 11B

contact magnetic tape 12. If this non-contact period is
used to perform the addition of redundant data when

recording and to perform data correction when repro- N
ducing, the construction of the recording and reproduc-

ing apparatus can be simplified. An examﬂe of such
improved rotary head assembly is seen mm U.S. patent
application, Ser. No. 06/485,065, filed Apr 14 1983 |

-and assigned to the assignee hereof.

" In FIG. 4, each of tracks 4A and 4B is separated into

-a PCM signal. recordmg region Apand a tracking signal

- ._reeordlng region A7, shown by the cross-hatched por-
~ tions in the tracks. The manner in which the traclong

35

control pilot signals are recorded in regions Aris a :
~ feature of the present invention and is described in de-

" tail hereinbelow. It may be noted, however, that the .

trol signal is reversed. Because of the physical/me-

- chanical construction of the typical rotary heads, when
- tracking control is accomplished using the above de-
~ scribed system it is generally only necessary to provide
~ a control system for one of the two rotary heads since |

~ signal and which may represent the digital audio signal

“the other rotary head is held in a fixed relationship with

 the other head within close tolerances and, thus a track-

~ ing control system is only required for one head.

‘The above-described known system employs rela-

50

f'_twely low-frequency pilot signals and such low-fre-

~quency pilot signals are difficult to erase. When the

signal _i's_ recorded in the superimposed fashion on a
track in which similar "srgnals had been previously re-

cross-hatching lines in regions Ar of FIG. 4 do not

- “correspond to the aznnuth gap angles of the respectwe

heads.
~ In the followmg, an audlo SIgnal 1S assnmed to be

 PCM recorded and in FIG. 5 an audio signal S,¢is fed in

at input terminal 21 to analog-to-digital convertor 22, '

~ therein converted to a digital PCM signal, and this
45 |
- 23. In recording encoder 23, the signal to be recordedin

PCM signal is subsequently fed to recording encoder
one track, which can be referred to as a one-segment

of every period corresponding to a one-half rotation of
the rotary heads 11A and 11B, is compressed in fime

base by an amount slightly less than the tape contact

period of the heads, the error correction codes are gen-

- erated and added at this time, and the interleave pro-

35

~ corded, at the time the previous signals are bemg erased

- this dlsadvantage relating to imperfect erasing is impor-

- . tant. Depending upon the kind of modulation signal,
- when the information signal to be recorded has a fre-

- quency spectrum in the low-band region, for example, a 60 "

PCM signal, it is difficult to separate the pilot signals |

- from one another. Moreover, as seen from the circuit of
~ FIG. 2, because four different pilot signal frequencies
. are employed, the cucutt arrangements can become

 unduly complicated.

- In the following descnptlon of some embodiments of
the present mventlon, a rotary magnetic head assembly

cessing and the like is carried out. The output signal "
from recording encoder 23 is supplied to recording
processor 24 in which a block synchronizing signal,

address data, and the like are added to each block

formed of the plurality of words, and the signal is finally

~modulated into a signal suitable for recording and re- o
_producmg on a magnetic medium.

The PCM signal from recording processor 24 is fed to -

" a fixed contact of swrtchmg circuit 25 that is used to

'. change recording regions between Ap and AT, and in
~ one position of swrtchmg circuit 25 the signal from

65

recording processor 24 is fed through swltchmg circuit
25 to a second switching circuit 26, which is used for

 head switching. Switching circuits 25 and 26 are

~ as represented in FIG. 3 is assumed to be used. In this

changed over in response to respective switching sig-



7
nals S; and S; produced by timing signal generating
circuit 28. Timing signal generating circuit 28 i1s sup-
plied with a signal indicating the rotary phase of rotary
heads 11A and 11B, as represented by pulsed signal PG
of frequency 30 Hz, which indicates the phase of rotary
heads 11A and 11B generated by pulse generator 17 in

synchronism with the revolutions of motor 16, which
drives heads 11A and 11B. Pulsed signal PG and a pulse
signal of 30 Hz cycles from timing signal generator 28

are both fed to phase servo circuit 29 and, thus, the
rotary phase of motor 16 is controlled by a servo signal
output therefrom.

- As a result of this operation, switching signals S; and

S are in synchronism with the rotation of rotary heads
‘11A and 11B so that, as shown in FIG. 6B, within one-
half rotation t4 of the head, during which the switching
signal S is at a high level, head 11A contacts magnetic
tape 12, whereas within the one-half rotation period tp
during which switching signal S; 1s at a low level, head
11B contacts magnetic tape 12. Also, switching signal
Sz is at a high level during a short period 7 at the begin-
ning of each head/tape contact period. Then, in re-
sponse to switching signal Sj, switching circuit 26 is
changed over in position, as shown in FIG. §, during
the period t4, similarly, switching circuit 26 1s changed
over to a position opposite that shown in FIG. § during
the period tp, thereby performing signal switching be-
- tween heads 11A and 11B. On the other hand, 1n re-
sponse to switching signal S; switching circuit 25 1s
changed over to be in the position shown in FIG. §
during the period in which switching circuit Sz is at a
low level, while switching signal 235 is changed over to
a position opposite that shown in FIG. § during the
period when signal S is at a high level.

Accordingly, during periods other than the period at
the beginning of the head/tape contact period for heads
11A and 11B within periods t4 and tp, respectively,
switching circuit 25 i1s changed over to the position
shown in FIG. § so that, in response to the operation of
switching circuit 26, an audio PCM signal of one seg-
ment amount from recording processor 24 is supplied

" through recording amplifier 27A to head 11A during

period t4, whereas an audio PCM signal is supplied
through recording amplifier 27B to head 11B during
period tp and is thereby recorded on the information
record regions A pof tracks 14A and 14B, respectively.
This signal division in the appropriate tracks is repre-
sented in FIGS. 6E.
- During the period of time 7 at the beginning of the
tape/contact periods of both heads 11A and 11B,
switching circuit 25 is changed over to a position oppo-
site that shown in FIG. §, and at that time the signal
from switching circuit 33, that is, either the pilot signal
or the erase signal, is fed through switching circuit 25 to
switching circuit 26. Switching circuit 33 obtains the
pilot signal P from pilot signal oscillator 31 having an
oscillatory frequency f; and obtains the erasing signal E,
to be used to erase any previous pilot signals from erase
oscillator 32 that has an oscillatory frequency f5.
Switching circuit 33 is selectively controlled by switch-
ing signal S; produced by timing signal generator 28.
- Frequency f) of pilot signal P is selected to be one
~which causes a relatively small azimuth loss, for exam-
ple, within a frequency range of 100 kHz to 500 kHz,
and the pilot signal P is recorded at a relatively high
level. | |

The erase signal E 1s used to erase the previously
recorded pilot signal because when a new recording is

4,651,239
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carried out in the superimposed state on a tape in which
an information signal was previously recorded, even
though the previously recorded information is being
erased, the newly recorded track is not always coinci-
dent with the preceding track. The frequency f> of the
erase signal E is selected to be sufficiently separated

from frequency f1 and 1s selected to be a value which
can erase pilot signal P, and its also level is selected as

 one which can erase pilot signal P.
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Switching signal S3, which controls the operation of
switching circuit 33, goes to a high level only within the
time period 7 at the beginning of the head/tape contact
period of head 11A that occurs within period T4, as
shown in FIG. 6D. As a result, switching circuit 33 is
changed over in position to connect the pilot signal P
from oscillator 31 only during the period in which
switching circuit S3 1s at a high level. Thus, in this em-
bodiment, the high-level period of switching signal S3is
selected to have a duration of approximately 7/3 and is
arranged at substantially the center of the time period 7.
Accordingly, during the period 7/3 at the center of
period arranged within time period t4, the pilot signal P
from oscillator 31 is recorded by head 11A on the cen-
ter positions of the recording region A7 of every other
track.

In FIG. 7, the location of the pilot signal P shown by
the hatched areas is at the center of each of the portions
A rand bounded by erase signals E. It may be noted also
that the pilot signal P appears only on every other re-
corded track. During all other times, except the period
7/3 at the center of period 7 within period t4, switching
circuit 33 is changed over to be in the position shown in
FIG. 5§, so that erase signal E from oscillator 32 1s re-
corded by head 11A before and after the pilot signal
recording positions in recorded regions Ar of tracks
14A, as represented in FIG. 6E and FIG. 7.

On the other hand, during the period of time that
occurs within the time period tp, although switching
circuit 25 is changed over in position to be connected to
switching circuit 33, switching circuit 33 will remain in
the position shown in FIG. §. Thus, during the period at
the beginning of the tape/head contact period of head
11B, which occurs within time pericd tp, erase signal E
is supplied to head 11B. This is represented in FIGS. 6E
and 7, so that the erase signal E is recorded over the
entire region A7 on all successive tracks 14B. _

As will be clear from FIG. 7, in this embodiment the
recorded positions of the pilot signals are adjusted so as
not to be superimposed upon each other in relation to a
direction perpendicular to the longitudinal direction of
tracks 14A and 14B. A technique similar to that de-
scribed hereinabove in regard to recording pilot signals

can also be applied in a video tape recorder, wherein the

recording positions of the horizontal synchronising
signal of the video signal are arranged in a direction
perpendicular to the longitudinal direction of the track.

In such case, assuming the length of the tape 12 i1n the

longitudinal direction is given by d, which corresponds
to the 7/3 period, the positions of the end portions of
the track are displayed by d/2 in the longitudinal direc-
tion of the track, between adjoining tracks 14A and
14B.

FIG. 8 1s a schematic block diagram of a system for
reproducing or playing back signals recorded in accor-
dance with the above and, although not shown, motor
16 is servo controlled to maintain correctly the head
drum phase in the same fashion as that described in
regard to the recording operation. Signals reproduced
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from tape 12 by rotary heads 11A and 11B are fed
through head amplifiers 41A and 41B, respectively, to
“switching circuit 42. Switching circuit 42 is controlled
to be alternately changed over in position in response to

. ~ switching signal S’ having a frequency of 30 kHz and
. produced by timing signal generator 28 at every half-
~ rotational period includes the tape contact periods of

- heads 11A and 11B. Accordingly, the output from

e - switching circuit 42 is an intermittent PCM signal of '
| . one segment each, as represented at FIG. 6E. This

'PCM signal is fed to playback processor 43 where it 1s

demodulated back to the original PCM signal fre-

 quency, and the demodulated PCM signal is fed to de-
‘coder 44. Decoder 44 utilizes the block synchronising

- signal and other processing signals, such as the error-
~ correction signal and the de-interleave signal, so that
. the data is detected in every block. This PCM signal
~ comprising the data portion that has been decoded by
-decoder 44 is fed to a digital-to-analog (D/A) convertor

' 20

45, wherein it is reconverted to the analog audio signal

~ that is fed to output terminal 46. -
The present invention is intended to control the

tracking of the rotary heads, such as heads 11A and
11B, and this control signal originates from sw1tchmg
_circuit 42 and is fed to gate circuit 51, which 1s con-

. trolled by the switching Slgﬂal S1’ produced by timing

B signal generator 28, that is also fed to control switching

composite signal at the output of switching circuit 42.

- Referring also to FIG. 7, if head 11B has a gap width -
" that traces a range width W over track 14B and also -
. extends into adjacent tracks 14A, head 11B will pro-
" duce the pilot signals P in the region A7, as represented
~'in FIG. 9A. This reproduced output signal from head

"~ 11B is fed through gate 51 to bandpass filter 52, which

= has a center frequency fj of sufficiently narrow band-
-~ - width to pass only pilot -signal P. Pilot s1gna1 P from
© bandpass filter 52 is then fed to detector 53, in which the
.. presence of the pilot signal P is detected, and the output

4,651,239
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duces a tracking signal ST> delayed in phase; the wave-
form of tracking signal ST> 1s shown 1n FIG. 9E.

The tracking signals ST and ST> produced by sam-

ple-and-hold circuits 54A and 54B, respectively, are fed
to the two respective input terminals of differential

amplifier 55, which compares the levels of these two -

10

~ between outputs STy and ST is reduced to zero. Such
zero level difference between the two tracking signals .

15

input signals. Accordingly, the output signal from dif-
~ ferential amplifier 85 is the difference between the two

input levels and is fed to output terminal 56 where it 1s
available to the capstan motor (not shown) to control -
the tape transport speed, so that the level difference

ST and ST, means that when head 11B traces track
14B it extends over into the two tracks 14A adjacent

‘track 14B by equal amounts, that is, the tracing of head
11B is controlled so that the center of the gap of head
- 11B is coincident with the center of the track 14B bemg

traced.
On the other hand if head 11B is rmsallgned durmg |

- playback and over its width W erroneously traces a

path that contains mainly track 14A, the record region
AT will appear as represented in FIG. 10A. In that

~situation, sampling pulse signal SPj, the waveform of

25

- circuit 42. Switching signal S;’ controls gate 51 to de-
 rive only the signal reproduced by head 11B from the

30

which is represented in FIG. 10B, samples the repro-

duced output of the pilot signal P from track 14A and

produces output signal ST; having a high level, as
‘shown in FIG. 10D. Because no pilot signal P is repro-
“duced at the corresponding playback time, sampling
pulse signal SP>, which controls sample-and-hold cir-
cuit 54B, will result in a zero level signal so that the
output signal from differential amplifier 55 will be a

- high-level tracking signal having an advanced or lead-
- ing phase. Thus, the tracing position of head 11B will be

35

“signal from detector 53 is fed to sample-and-hold cir- -

SR cuits 54A and 54B, respectively. Sampling pulses, as
~~ shownin FIGS. 9B and 9C, are generated by timing-sig-
~ -nal generator 28 and fed to sample-and-hold circuits

‘54A and 54B, rc'spectwely Sampling pulse signal SP;,

 asrepresented in FIG. 9B, has a frequency of 30 Hzand
~  timing signal generating circuit 28 generates the sam-
pling pulses at any point within the time period that

‘corresponds to the range of distances from the position
‘of the end portion of track 14B that is larger than d but

BN smaller than 3/2 d. Similarly, timing signal generating
- circuit 28 generates samphng pulse signal SP;, the
- waveform of which is shown in FIG. 9C, having a
" frequency of 30 Hz at any point within the time period
35

- that corresponds to the range of distances from the

o ‘position of the end portion of track 14B, which is larger

~than 2d but smaller than 5/2d. As represented in FIG.

o o ' 9A, during playback when head 11B traces track 14B,
- sampling pulse signal SP; samples the cross-talk compo-

nent of the pilot signal from track 14A adjacent to track

FIG. 9D. Similarly, sampling pulse SP; signal sam-

changed considerably under control of this high-level

‘signal and will control the tape transport rate so that
 head 11B traces track 14B correctly. |

In the embodiment described above, the crosstalk' |

 components of the pilot signals reproduced from the
“tracks immediately adjacent the track of interest are

sampled and held at different time points under control .

of the sampling pulse signals SP; and SP;, however,

- such crosstalk components can also be sampled at the

42

same time in a manner shown in the following. Refer-

ring to FIG. 11, an embodiment of a recording system is =
-shown in which the switching circuit 25, which is the

same as in the embodiment of FIG. §, is controlled by

“signal S31, the waveform of which is shown in FIG.
' 12C, that has a pulse width represented by 71. This pulse

50

width 71 corresponds to 4d and represents the duration
of the period at the beginning of the tape head contact

periods for heads 11A and 11B, which corresponds to
 region Ardescribed hereinabove, and is selected to be
| longer than the period 7 that corresponded to a length
3d in the embodiment of FIG. 5. In this embodiment,

- the record pOl'thll of the pilot signal in the region Arof ' 

- track 14A is selected to be of duration equal to 2d, as
- _represented in FIG. 13, and the erase signal is recorded

~ 14B on the side 0pp051te the tape transport direction, so
- . that sample-and-hold circuit 54A derives tracking signal -
.. 8T} advanced in phasc trackmg s:gnal ST] Is repre--

- sented in

. ples the cross-talk component of the pilot signal P from

- track 14A adjacent to track 14B on the tape transport:
. -.d1rect10n mde, so that sample-and-hold circuit S4B pro-

~with a duration d arranged before and after the record

region. Just as in the above described example, only the

erase signal E is placed in region Aron track 14B. In =~
~ this embodiment, pilot signals of two different frequen-
-cies are employed, specifically, pilot signal Py has a
- frequency denoted by f1; and pilot signal P> has a fre-

quency denoted by f12 and during recordation thereof
the two pilot sagnals are alternately recorded. In the

"embodiment shown in FIG. 11, the first pilot signal P;
-of frequency fi11is generated by first oscillator 311 and is
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fed to one fixed contact of switch 34, and the second
pilot signal P> of frequency Fi3 is produced by second
oscillator 312 and fed to the other fixed contact of
switching circuit 34. Switching circuit 34 1s controlled
to be alternately changed over in position at each rota-
tion of head 11A in response to switching signal Sa
produced by timing signal generator 28. The waveform
of timing signal S4 is shown in FIG. 12E and may be
derived by frequency dividing by one half the head
switching signal S1, which i1s shown in FIG. 12A. The
pulse width of the switching signal from switching

10

circuit 33, which acts to separate the region Arof track

‘14A into the record regions of the pilot signal and the
erase signal is selected to correspond to 2d, which 1s the
center duration of the period 71 within the period T4;
signal S3; is represented in FIG. 12D. The remaining
circuit elements in the embodiment of FIG. 11 are iden-
tical to those of FIG. §. | |
Accordingly, the result of the operation of the circuit
of FIG. 11 is to record pilot signals P; and P> of differ-
ent frequency alternately on successive tracks 14A for a
~ time length which is twice as long as that provided in
the embodiment shown in FIG. §; and this is repre-
sented in FIG. 12F. The recorded portion A7is shown
in greater detail in FIG. 13, in which it is seen that from
- the direction perpendicular to the longitudinal direction
of the track the record region of the pilot signal on each
track is caused to overlap in time with the record region
~ of the adjoining pilot signal by a duration d.
- Tracking control during playback is accomplished by
the circuit of FIG. 14, in which the reproduced output
of head 11B is again derived from gate 51 and is fed to
- first bandpass filter 521 having a center frequency Fi;in
the pass band, and the reproduced output signal from
head 11B is also fed to second bandpass filter 52, that
has a center frequency Fiz 1n the pass band . It may be
- noted that these center frequencies of the respective
 ‘bandpass filters are the frequencies of the first and sec-
ond pilot signals that have been alternately recorded in
tracks 14A following the embodiment of FIG. 11. Thus,

- as represented in FIG. 13, when head 11B traces a
width W that contains track 14B, as representied in FIG.

15A, pilot signals P; and P, are obtained from the re-
spective tracks 14A adjacent track 14B. Assuming
proper head alignment for just tracking, the crosstalk
signals of both pilot signals P and P; are obtained in the
range from the portion separated from the end of track
14B by 3/2d to the portion separated from the end of
track 14B by 5/2d. Accordingly, bandpass filter 521 will
- produce the crosstalk component of pilot signal Pj,
which is fed to detector circuit 53; to determine
whether such pilot signal is present. The output signal
from detector 53, is fed to corresponding sample-and-
hold circuit 54A. Meanwhile, bandpass filter §2; pro-
duces crosstalk components relative to pilot signal P>
that are fed to detector 53;, whose output is fed to
sample-and-hold circuit 54B. During the time period in
which the pulses in pilot signals P; and P; are co-exist-
ent, timing signal generator 28 generates a sampling
pulse SPo, the waveform of which is shown in FIG.
15B, that is fed to both sample-and-hold circuits S4A
and 54B, respectively. Accordingly, differential ampli-
fier 35 once again will produce an output signal repre-
senting the level difference between the outputs ST,
and ST> dertved by sample-and-hold circuits 54A and
- $4B, respectively, from the detected outputs of pilot
signals P1 and P3, respectively. The waveforms of the

15

20

25

30

35

45

30

33

65

12
sample-and-hold output signals ST and ST are shown
in FIGS. 15C and 15D, respectively.

In this embodiment, because the relationship between
phase lead and phase lag of the two pilot signals 1s re-
versed at every track, differential amplifier must have
an additional output signal in order to develope the
appropriate control signal. Thus, differential amplifier
55 produces at output terminal 56A, output signals hav-
ing the same phase, that i1s, in phase, and produces at
output terminal S6B output signals having opposite
phase. These output signals then are alternately
switched upon each rotation of the head. In the interest
of clarity and brevity the appropriate switching circuit
1s not shown, however, switching between the two
output signals of differential amplifier 35 could be ac-
complished as follows. The switching operation can be
carried out by detecting whether the pilot signal output
in the signal reproduced from head 11A during the
half-rotation period is the pilot signal P; that appeared
in the signal reproduced from head 11A during its pre-
ceding half-rotation period. The pilot signal P; con-
tained in the signal reproduced from head 11B has an
advanced phase and the pilot signal P> has a delayed
phase, when pilot signal P> appears in the signal repro-
duced from head 11A during the preceding half-rota-
tion period, the above phase relationship is reversed.

In the situation where head 11B is misaligned and
erroneously traces part of tracks 14B adjacent to track
14A although tracing mainly track 14A, the representa-
tion of the traces located near region A7 is shown in
FI1G. 16A. It may be noted that only the single respec-
tive pilot signal will be detected, since no pilot signals
are recorded on either side of the track 14A and in
response to the sampling pulse SPg only pilot signal P;
or P; will be reproduced from track 14A and sampled in
the respective sample-and-hold circuit

and only output signal ST, represented in FIG. 16C,
or output signal ST, represented in FIG. 16D, can
become high so that the tape transport rate will be
changed to control head 11B 1n order to trace track 14B
correctly. In the representation of FIGS. 16C and 16D
sample-and-hold circuit 54B produces the output signal
ST; and, thus, the alignment of head 11B 1is seen.

In the two embodiments of the invention that have
been described hereinabove the reproduced output of
either of two heads 11A and 11B is used to detect and
control the tracking of that particular head. The reason
for this 1s that the two heads are fixedly mounted on the
rotary drum, so that if one head traces a track under the
just or aligned tracking condition then the other head
must also frace its respective track under the aligned or
just tracking condition. Nevertheless, to achieve the
highest tracking accuracy it 1s advantageous to control
both heads, and an embodiment of the present invention
shown in FIG. 7 can accomplish this. The system of
FIG. 17 produces recorded tracks represented in FIG.
19, in which pilot signal P of frequency f; is recorded in
track 14A at a distance between d and 2d from the end

of the track. Pilot signal P’, also having a frequency fi,
is recorded on track 14B but arranged at a distance

between 3d and 4d from the end of the track. Thus, the
length of the recording region A7 for each track is
selected to be 5d from the end of the track, including
the region of the erase signal.

The recording system of FIG. 17 is substantially the
same as that of FIG. §, however, the control for switch-
ing circuit 25, which determines the length of the region
AT, 1s signal Sp; of pulse width 73 that corresponds to
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length ad. '.-The 'wave_form of switching signal Sz; is

shown in FIG. 18B. The signal that controls switching

~ circuit 33, which determines the recorded position of

the pilot signal in the region A7, is derived from the

~ output of OR gate 35, which has as inputs signals S32
- and Si33 produced by timing signal generator 28. The
~ waveform of timing signal S3; is shown in FIG. 18C,
- -and it is seen that signal S3; has a high level correspond-

o ing to the range of distance from d to 2d from the end

of track 14A during the period 72, which occurs within
.period T 4. Similarly, signal S33 shown in FIG. 18D has
~ a high level corresponding to the range of distance from

~ 3d to 4d from the end of track 14B during the period 72,
. which occurs within period Tg. Thus, the signals which
~ are supplied to heads 11A and 11B, respectwely, during
the tape/head contact periods are shown in FIG. 18E

~ and at the regwn Arthe recorded pattems are shc)wn in
- FIG.19.

During playback trackmg control of the heads is

accomplished by a system shown in FIG. 20, in which “

the reproduced output signal from head 11B is pro-

14

~ In the three embodiments of the present invention

described so far, the timing signal generating unit 28 is
supplied with pulse signal PG that indicates the rotary

phases of the rotary heads lIA and 1IB as determined by
a pulse gernerator 17. Nevertheless, it is also possibie to

“use the present invention without employing pulse gen-
‘erator 17 by stopping the tape and recording a predeter-

mined signal by rotary heads 1A and 11B, so that upon

- reproduction the exact point in time at which heads l1A

10

15

20

or 11B start to contact the tape can be detected, and such
detected signal is used to obtain the appropriate timing.

“Moreover, it is pointed out that in the embodiment '
described in relation to FIGS. 17 to 21 the reproduced

output timing of the pilot signal from the track being

2 traced may also be used to provlde the sampling pulse-
-signals SPy to SPs.

While the above embodiments have been descrlbed in

- relation to two rotary heads, the present invention can
_also be advantageously employed in a single head em-
‘bodiment. This is possible because the track on which

~‘the pilot signal is recorded at the predetermined posi-

cessed in the circuit:of FIG. 20 in the same manner asin
- recorded are alternately provided and, thus, one head |

‘the embodiment disclosed in FIGS. § and 17. More

specifically, the sampling pulse signals SP; and SP; are

~ fed to respective sample-and-hold circuits S4A and 54B
- with the outputs thereof being compared by differential

25

o amplifier 55 to produce an output at terminal 56. In the

- embodiment of FIG. 20, however, sampling pulse signal
. SP; is fed to OR gate 57, output of which is fed to
- sample-and-hold circuit 54A, and sampling pulse signal
'SPy is fed to OR gate 58, the output of which is fed to

sample-and-hold circuit 54B. It may be noted that OR

operation of the system. Accordingly, tracking control

30

 the tracking signal region A7 has been described as = =
always being located at one end of each track, such - |
tracking signal region A rcan be formed at two or more

. places, for example, it could be at both end portions of

‘the track or it -could be arranged at the center thereof.

~ gates 57 and 58 would not have any effect on the overall |
35

for head 11B is carned out just as in the above-descnbed

embodiments. |
©  In regard to.the traclung control of head llA sam-
- pling pulse signal SP3 and sampling pulse signal SP4are

produced by timing signal generator 28 and have wave-

.~ forms as shown in FIGS. 21B and 21C, respectively.
o Sampling pulse signals SP3; and SP4 can sample the -

- respective crosstalk signals of pilot signals P’ from the
. two tracks 14B adjacent track 14A, and sampling pulse
. signal SP3is fed to OR gate 57, the output of which is
. connected to sample-and-hold circuit 54A, and sam-
-~ pling pulse signal SP4is fed to OR gate S8, the output of
- which is connected to sample-hold-circuit' 54B. The

outputs of the two sample-and-hold circuits are fed to

~ differential amplifier 55 to generate the tracking error
. signal, which controls head 1lA. Thus, both heads can

tion and the next track on which the pilot signal are not

could be used to lay down such tracks.

- The present invention has been described in relation
to a rotary head assembly as shown in FIG. 3, however,
the present invention may also be advantageously used
when the tape is wound over the drum for an angular
range which is substantially the same as the angular
separation between the two rotary heads. Also, while

~ All that is required is that the appropriate timing signals

50

~ be controlled using essentially the same circuitry w1th- -
- - out requiring separate dedicated systems.

- As may be seen in the above—descnbed embod1ments
- of the present invention, because the pilot signal to

| accompllsh tracking control is recorded at a different

~_region on the same track .than the PCM information
 signal, it is relatively easy to detect the pilot signal

-+ during reproduction. Moreover, if at some later time it -
"~ is desired to re-record new information in the superim-

- posed fashion dlrectly over previously recorded mfor—_

- . mation, the region in the track for the pilot signal is

different than that on which the PCM informational

 signal is recorded and, thus, the frequency of the pilot
- signal can be selected to be relatively high. This permits
~ the previously recorded pilot signal to be erased rela-

~ tively easily and to thereby overcome the problems

| descnbed above. - |

55
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' “be developed so that the location and spacing are accu-
rately controlled. |

Although illustrative embodiments of the present :
invention has been described in detail above with refer-

“ence to the accompanying drawings, it is to be under-
~ stood that the invention is not limited to those precise
 embodiments, and that various changes and modifica-
tions can be effected therein by one skilled in the art
- ‘without departing from the spirit and scope of the in-

ventlon, as defined by the appended claims.
What 1s claimed 1is: | |
1. A method of recordmg digital signals on a mag-
netic record medium using a rotary head that periodi-
cally traces the magnetic record medium, the method |
comprising the steps of: |
recordlng a digital information mgnals at first prede-
- termined areas in each of a plurality of slanted

‘rotary head and in which said slanted tracks are
formed by said rotary head wlth no guard bands
. between adjacent tracks; L
| determmmg second predetermined areas on each of
 said slanted tracks, dlfferent than said first prede- |
 termined areas; |
recording a tracking pﬂot 51gna1 on at least every
other one of said plurality of slanted tracks in said
~ second predetermined areas at predetermined posi-
tions separated from an end of said slanted tracksin
" a longitudinal direction thereof; and .

| ﬁapplymg an erase signal using said rotary head for :

erasing signals previously recorded in said second

tracks formed on said magnetic medium by said
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predetermined areas at a location not having said
tracking pilot signal recorded thereat.

2. A method of recording digital signals according to
claim 1, in which said step of recording a tracking pilot
signal includes the step of providing said tracking pilot
signal having a single frequency and recording said
tracking pilot signal with no discernable phase differ-
ence between successive tracks.

3. A method of recording digital signals accordmg to

claim 1, in which said step of recording a tracking pilot 10

signal includes the step of providing said tracking pilot
signal having two different frequencies and said step of
recording a pilot signal includes the step of alternating
between said two different frequencies each time said
tracking pilot signal is recorded in said second predeter-
mined area on alternate ones of said plurality of slanted
tracks.

4. A method of recording digital signals according to
claim 1, in which the step of recording said tracking
pilot signal includes the step of recording alternate ones
of said tracking pilot signals in said second predeter-
mined areas at second predetermined posttions different
than the first mentioned predetermmed positions
therein.

5. A method of recording dlglta.l signals according to
claim 4, in which said tracking pilot signals are recorded
in said first predetermined positions by a first rotary
head and said tracking pilot signals are recorded in said
second predetermined positions by a second rotary
head.

6. A method of recording digital signals according to
claim 1, in which the step of applying an erase signal
includes the further step of applying the erase signal
over the entire extent of said second predetermined
areas on each of said slanted tracks not having a track-
ing pilot signal recorded thereon.

7. A method of recording digital signals according to
claim 1, in which the step of applying an erase signal
includes the further step of applying the erase signal at
a second predetermined position adjacent said tracking
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pilot signal in said second predetermined area in said

every other ones of said slanted tracks.
8. A method of recording digital signals according to
claim 1, further comprising the steps of:
tracing a track recorded by said rotary head with a
playback head; |
reproducing the tracking pilot signal at said second
predetermined areas from both tracks adjacent said
track being traced;
comparing the levels of sid tracking pilot signals
reproduced from said adjacent tracks;
generating a head tracking signal in response to said
level comparision; and -
controlling said playback head in res'.ponse to said
head tracking signal.
9. Apparatus for recording digital signals in a plural-
- ity of slanted tracks on a magnetic record medium by a
rotary head that periodically traces said magnetic re-
cord medium, the apparatus comprising:
means for recording a digital information signal at
first predetermined area in each of said plurality of
slanted tracks on said magnetic medium by said
rotary head in which said slanted tracks are formed
by said rotary head with no guard bands between
adjacent track;
means for determining a second predetermined area
on each of said slanted tracks, different than said
first predetermined area;
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means for recording a tracking pilot signal in at least
every other one of said plurality of slanted tracks in
said second predetermined areas at predetermined
positions separated from an end of said slanted
tracks in a longitudinal direction thereof; and
means for applying an erase signal using said rotary
head for erasing signals previously recorded in said
second predetermined area on each of said slanted
tracks at a location not having said tracking pilot
signal recorded thereat.
10. Apparatus for recording digital signals according
to claim 9, further comprising means for generating said

“tracking pilot signal having a single predetermined fre-

quency and with no discernable phase difference be-
tween tracking pilot signals recorded in successive
tracks.

11. Apparatus for recording digital signals according
to 9, further comprising means for generating said
tracking pilot signals having two different frequencies
and means for alternately providing said two different

frequency tracking pilot signals to said means for re-

cording a tracking pilot signal.

12. Apparatus for recording digital signals according
to claim 8, further comprising:

playback head means for tracing a track recorded by

said rotary head;

means connected to said playback head means for

reproducing the tracking pilot signals recorded at
sald second predetermined areas from both tracks
adjacent said track being traced;

means for comparing the levels of said reproduced

tracking pilot signals from said adjacent tracks and
producing a level comparison output signal there-
from;

means for generating a tracking signal in response to

said level comparison output signal; and

means for controlling tracking alignment of said play-

back head means in response to said tracking signal.

13. Apparatus for recording digital signals according
to claim 12, in which said means for generating a track-
ing signal includes means for alternating the polanty
thereof in response to the number of the slanted track
being reproduced.

14. Apparatus for recording digital signals according
to claim 9, further comprising means for recording
alternate ones of said tracking pilot signals at said prede-
termined positions in said second predetermined areas
different than the first-mentioned predetermined posi-
tions therein.

15. Apparatus for recording digital signals according
to claim 14, in which said tracking pilot signals are
recorded in said first predetermined positions by a first
rotary head and said tracking pilot signals are recorded
said second predetermined positions by a second
rotary head.

16. Apparatus for recording digital signals according
to claim 9, in which said means for applying an erase
signal includes means for applying said erase signal over
the entire extend of said second predetermined area on
the remaining ones of said slanted tracks not having a

‘tracking pilot signal recorded therein.

17. Apparatus for recording digital signals according
to claim 9, 1n which said means for applying an erase
signal includes means for applying said erase signal at a
second predetermined position adjacent said tracking
pilot signal in said second predetermined area in said
every other ones of said slanted tracks.



| _'method comprising the steps of:

17
18 A method of recordmg signals as a plurallty of
slanted tracks on a record medium by using a rotary

| ‘head that periodically traces the record medium, the

recording a digital information signal at first prede-
- termined areas on each of said plurality of slanted
- tracks, said slanted tracks being formed Wlth no

~guard bands between adjacent tracks;
determining a second predetermined area on each of 10
-said- slanted tracks, dlfferent than ﬁrst predeter-
mined area; | |

: - ' recordmg a trackmg pilot signal at a predetermmed -

position that is a longitudinal distance from an end
~ of said slanted track on each of said plurality of 15
~ slanted tracks at a first selected position in said -
- second predetermined areas; and __
- applying an erasing signal using said rotary head for
‘erasing signals previously recorded at a second 7g
selected 'position in said second predetemuned
- areas.

4651239’ :

18 .
19. A method of recording digital signals according
to claim 18, in which said step of recording a tracking

- pilot signal includes the step of providing said tracking

pilot signal having two different frequencies and alter-
nating between said two different frequencies each time
said tracking pilot signal is recorded i1n said second

- predetermined area on alternate ones of said plurahty of
- slanted tracks.

20. A method of recordmg digital s:gnals according
to claim 18, further comprising the steps of: |
tracmg a track recorded by said rota:ry head w1th a
playback head;
reproducmg the trackmg pilot SIgnal at said second
predetermined areas from both tracks adjacent said
track being traced;

-comparing the levels of said tracking pllot mgnals. -

reproduced from said ad_]acent tracks;
| generatmg a tracking signal in re5ponse to said level
comparison; and
controlhng tracking alignment of said playback head

in response to said tracking signal.
* %X ¥ % X
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